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Summary
Objective: The purpose of this paper was to investigate the association of the joint space width (JSW) of the hip with radiologically observed
hip deformity, the anthropological features and aging in a clinically asymptomatic Korean population.
Design: 428 consecutive patients who were without clinical evidence of hip osteoarthritis (OA) and who underwent supine anteroposterior (AP)
pelvic radiography for hip contusion or a routine health check were analyzed for the relation of joint space narrowing to the center-edge (CE)
angle, the acetabular depth, the headeneck ratio, the neck-shaft angle, the pelvic width, the height, the bodymass index (BMI), gender and age.
Results: The CE angle was inversely associated with the superomedial JSW and the superolateral JSW. The acetabular depth was positively
associated with superomedial JSW. A decreased headeneck ratio and the neck-shaft angle were not associated with the superomedial or
superolateral JSW. The height was positively associated with an increased superomedial JSW, but not with the superolateral JSW. The
BMI and increased age were positively associated with the superolateral JSW, but not with the superomedial JSW.
Conclusion: Our study showed that the CE angle was the single constant radiological parameter that was inversely related to the JSW of hip
joints. Further, the height was positively related to the superomedial JSW while the BMI was positively related to the superolateral JSW. The
normal aging process was not associated with joint space narrowing of the hip joint.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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The joint space width (JSW) is commonly used to evaluate
the thickness of the articular cartilage (AC) in the hip joint1.
While osteoarthritis (OA) is always associated with narrow-
ing of the JSW, it is still unclear whether narrowing of the
JSW is a result of the normal aging process1. While the
JSW of the knee gradually decreases with aging, previous
studies have shown conﬂicting results about the JSW of
the hip joint2,3.
The threshold for deﬁning OA of the hip varies from
1.5 mm to 4 mm4e6, although the most commonly accepted
deﬁnition of hip OA uses a cut-off of 2.5 mm7. In addition,
the JSWs of interest are often compared with those of the
contralateral side, which may be abnormal itself3. Further-
more, many studies have used abdominal ﬁlms to measure
the JSW of the hip, and this adds further confusion to the
evaluation of the true JSW.
Aberrant shapes of the acetabulum or the proximal femur
have been identiﬁed as risk factors for developing OA in the
hip joint8,9. Hip dysplasia is deﬁned as a center-edge (CE)
angle of less than 25 and an acetabular depth of less than
9 mm, and these are two radiological parameters that have
been used to predict the development of OA10,11. A de-
creased femoral head to femoral neck ratio and each ex-
treme of the neck-shaft angle are also associated with
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61the CE angle and the acetabular depth are affected by an-
thropological traits such as height and limb length1. Daysal
et al reported that the CE angle, but not the acetabular
depth, was inversely correlated with the minimal JSW in
normal hips12. The relationship of these parameters to the
JSW in normal hips can provide insight into the physiologic
differences between normal and osteoarthritic hips.
The incidence of symptomatic OA of the hip varies
among different races. While OA is a leading cause of total
hip arthroplasty (THA) in Caucasians, several studies have
suggested that the prevalence of hip OA is much lower in
Asian populations13e15. To the best of our knowledge, no
study has reported on the relationship between the hip
JSW and the CE angle, the acetabular depth or proximal
femoral deformity, as well as with such anthropologic fea-
tures as the height, the pelvic width or age in normal Asian
populations. The purpose of this paper was to investigate
the association of these parameters with the JSW in a Ko-
rean population.MethodsPATIENTSThe study group consisted of 428 consecutive patients who were without
clinical evidence of hip OA and who underwent supine AP pelvic radiography
for hip contusion (170, 40%) or for a routine health check (258, 60%) at our
hospital. Those patients with chronic hip pain (1 month), symptomatic hip
OA, any inﬂammatory arthritis, prior hip pathology or any operation on the
lower extremity were excluded from the study. The study protocol was ap-
proved by the Institutional Review Board at our institution. The ﬁlms with in-
correct patient positioning (misalignment of the sacrum-pubic symphysis
vertical axis 1.5 cm) were also excluded. All the patients had their height
and body weight measured to calculate the body mass index (BMI).
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standardized for the position of the beam and the radiographic penetration.
The patients were placed in the supine position with their hips extended
and internally rotated 15. The distance between the X-ray tube and the cas-
sette was 100 cm. The central radiographic ray was aligned to be perpendic-
ular to the cassette and it was centered 5 cm superior to the symphysis
pubis. Each radiograph was deﬁned as adequate if there was visualization
of the entire joint space between the femoral head and the acetabulum.
The X-rays were graded for displaying radiographic OA with using the Kellg-
ren and Lawrence (KeL) severity scale16. The patients with a grade >2 were
excluded from the study. As all the radiographs were digitized by the Picture
Archiving Communication System (PACS) software (PiViewStar, Inﬁnit
Technology, Seoul, Korea) in our hospital, and all the distances and angles
were measured by using the calipers and goniometer provided by the soft-
ware. The software enables straight-line measurements with an accuracy
of 0.01 mm and 0.01. The JSW of the hip was deﬁned as the interbone
area between the acetabular roof and the part of the femoral head facing
it. As we suspected that the JSW may vary depending on different areas
of joint space, we decided to analyze two areas separately. The joint space
between the femoral head and the acetabular roof was evenly divided into
the superomedial and superolateral sectors, and the narrowest JSW was de-
termined using the calipers provided by the software. The CE angle, the an-
gle between the line joining the center of the femoral head to the lateral
margin of the acetabular roof and the line perpendicular to the line joining
the centers of the femoral heads, was measured by the goniometer provided
by the software. When marginal spurs were present on the acetabulum (KeL
grade 2), these spurs were not included in the measurement. The acetabular
depth, the greatest perpendicular distance from the acetabular roof to a line
joining the lateral margin of the acetabular roof and the upper corner of the
symphysis pubis, was also measured. The headeneck ratio was determined
by dividing the maximal head diameter by the minimal parallel neck diameter.
The neck-shaft angle is the angle formed by the mid-cervical axis and the
mid-shaft axis. The pelvic width was obtained from the distance between
the centers of the right and left femoral heads. All of the measurements
were done on the right hip which was arbitrarily chosen as the representative
side of two asymtomatic hips. All the radiographs were read by a single ob-
server who was blinded to the patients’ information. He had been chosen
from three competitors, based on the preliminary measurement of intraob-
server variability.REPRODUCIBILITYThe intraobserver reproducibility was assessed by a randomly chosen
subset of 50 radiographs and these were read 1 month apart. The levels
of agreement were qualiﬁed using the intraclass correlation coefﬁcient.
The reproducibility of the measurement of the JSW and the other radiological
parameters was good: the intraclass correlation coefﬁcient was 0.90 for the
superomedial JSW, 0.92 for the superolateral JSW, 0.90 for the CE angle,
0.88 for the acetabular depth, 0.86 for the neck-shaft angle, 0.88 for the
headeneck ratio, and 0.91 for the pelvic width.STATISTICAL ANALYSISSPSS for Windows (version 11) was used for the statistical analysis.
Pearson correlation coefﬁcient was obtained to investigate the linear relation-
ships between the JSW and the radiological (CE angle, acetabular depth,
headeneck ratio, neck-shaft angle, and pelvic width) or the physical param-
eters (height, BMI, gender and age). To examine independent associations
between JSW and physical parameters, multiple linear regression analysesTable
Characteristics of the
To
Number 428
Age, meanSD (range) years 52.1 18.5
Height, meanSD (range) cm 162 9.7 (1
Pelvic width, meanSD (range) cm 20.8 1.8 (
BMI, meanSD (range) kg/m2 23.7 3.7 (
JSW superolateral, meanSD (range) mm 4.88 0.99
JSW superomedial, meanSD (range) mm 4.69 1.04
CE angle, meanSD (range) degrees 37.9 5.6 (
Acetabular depth, meanSD (range) mm 11.6 2.7 (
Headeneck ratio, meanSD (range) 1.45 0.13
Neck-shaft angle, meanSD (range) degrees 129.6 5.1were performed, and the regression coefﬁcients with their 95% conﬁdence
intervals were reported. To determine the association of the JSW with radio-
logical parameters, additional regression analyses were performed after ad-
justing for the four physical parameters described above. P values less than
0.05 were considered signiﬁcant.Results
Four hundred twenty-eight patients (186 males and 242
females) were evaluated. Their ages ranged from 17 to 90
years (mean age: 52. 1, standard deviation (SD): 18.5
years). The mean height was 162 9.7 (range, 134e185)
cm and the mean BMI was 23.7 3.7 (range, 13.1e38.6)
kg/m2. The mean pelvic width was 20.8 1.8 (range,
17.1e21.6) cm. The JSW of the superolateral area was
4.88 0.99 (range, 1.7e8.0) mm, and that of superomedial
area was 4.69 1.04 (range, 2.5e8.3) mm. Three hips
(0.7%) had superolateral JSW under 2.5 mm. There were
352 hips with KeL grade of 0, 67 grade 1 hips and 9 grade
2 hips. The mean CE angle was 37.9 5.6 (range
21.5e61.0) degrees and the mean acetabular depth was
11.6 2.7 (range, 4.6e21.4) mm. Eight hips (1.9%) had
CE angle under 25 and 58 hips (13.5%) had acetabular
depth less than 9 mm. The headeneck ratio was
1.45 0.13 (range, 1.16e2.07) and the neck-shaft angle
was 129.6 5.1 (range, 118e147) degrees (Table I).
The CE angle was inversely correlated with the supero-
medial JSW (r¼0.134, P¼ 0.005) and the superolateral
JSW (r¼0.131, P¼ 0.006). The acetabular depth, a de-
creased headeneck ratio, or decreased neck-shaft angles
were not correlated with the superomedial or superolateral
JSW. The pelvic width (r¼ 0.141, P¼ 0.004) and height
(r¼ 0.143, P¼ 0.003) were positively correlated with an in-
creased superomedial JSW, but not with the superolateral
JSW. The BMI (r¼ 0.142, P¼ 0.003), increased age
(r¼ 0.173, P< 0.0001) and male gender (r¼ 0.127,
P¼ 0.009) were positively correlated with the superolateral
JSW, but not with the superomedial JSW (Table II). The
superomedial JSW and superolateral JSW were closely
correlated (r¼ 0.425, P¼ 0.0001).
In the multiple linear regression analysis, the physical pa-
rameters were ﬁrst assessed for the association with the
JSW. Only height (P¼ 0.002) was positively associated
with the superomedial JSW while BMI (P¼ 0.041) and in-
creased age (P< 0.0001) were positively associated with
the superolateral JSW. When the radiological parameters
were analyzed after adjusting for physical parameters, CE
angle was inversely associated with both superomedial
(P¼ 0.002) and superolateral JSW (P¼ 0.007) while the
acetabular depth (P¼ 0.016) was positively associated
with the superomedial JSW (Table III).I
study patients
tal Men Women
186 (43.5%) 242 (56.5%)
(17e90) 47.5 17.5 55.6 18.5
34e185) 170 7.1 155 18.5
17.1e21.6) 20.7 2.1 20.8 1.5
13.1e38.6) 24.3 3.7 23.2 3.7
(1.7e8.0) 5.03 1.05 4.76 0.93
(2.5e8.3) 4.76 1.13 4.64 0.97
21.5e61.0) 38.0 5.4 37.8 5.7
4.60e21.4) 11.8 2.9 11.4 2.5
(1.16e2.07) 1.42 0.13 1.47 0.13
(118e147) 130.0 5.4 129.1 4.7
Table II
Correlation of the JSWs with the radiological and physical
parameters
Parameters JSW superomedial JSW superolateral
Correlation
coefﬁcient
P value Correlation
coefﬁcient
P value
CE angle L0.134 0.005 L0.131 0.006
Acetabular depth 0.063 0.195 0.094 0.051
Headeneck ratio 0.034 0.480 0.030 0.541
Neck-shaft angle 0.026 0.597 0.003 0.948
Pelvic width 0.141 0.004 0.032 0.512
Height 0.143 0.003 0.033 0.498
BMI 0.050 0.305 0.142 0.003
Gender* 0.058 0.234 0.127 0.009
Age 0.046 0.342 0.173 <0.0001
Values with statistical signiﬁcance (P < 0.05) were indicated in
bold.
*Men¼ 1, Women¼ 0.
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In this study, we conﬁrmed that the CE angle was in-
versely related to the JSW in clinically normal patients in
both superomedial and superolateral areas. This inverse re-
lationship was also reported on previous Turkish and
French studies1,17. Although the underlying cause of this re-
lationship is unclear, it may be accounted for by a compen-
satory mechanism in those hips that have a low CE angle to
build up thicker AC under a higher load per given weight-
bearing area17. The JSW measured in our study was similar
to that of Lequesne et al17. Individual variations in the JSW
among the patient were also notable, and these were also
observed in the previous study17.
The acetabular depth is another parameter that is used to
deﬁne acetabular dysplasia. It was not signiﬁcantly related to
the JSWs in simple correlation, which was in line with previ-
ous studies1,17. When adjusted for physical parameters,
the acetabular depth was positively related to the superome-
dial JSW.While themeaning of this ﬁnding is also uncertain, it
is very difﬁcult as well to compare with other studies in which
multiple linear regression analysis was not performed1,17.
One of the interesting ﬁndings was that whereas the
superomedial JSW was positively related to the height,
the superolateral JSW was related to the BMI. We can
speculate that while the superomedial JSW is proportional
to the anthropological characteristics, the superolateralTable I
Associations of the JSW with the changes in physical par
Parameters JSW superomedial
Regression coefﬁcient (95% CI) P
Physical parameters
Height 0.028 (0.011, 0.045)
BMI 0.014 (0.013, 0.041)
Gender 0.246 (0.538, 0.046)
Age 0.003 (0.003, 0.010)
Radiological parameters*
CE angle L0.032 (0.053, L0.012)
Acetabular depth 0.057 (0.010, 0.103)
Headeneck ratio 0.116 (0.880, 0.648)
Neck-shaft angle 0.005 (0.025, 0.014)
Pelvic width 0.054 (0.004, 0.113)
Values with statistical signiﬁcance (P < 0.05) were indicated in bold.
*The values were adjusted for height, BMI, gender, and age.JSW is more related to a greater load on the AC as the pa-
tients with a higher BMI have a higher load per given area of
the AC.
Also of note is that the superomedial JSW and the
superolateral JSW showed different changes with aging.
While the superomedial JSW was not signiﬁcantly related
to aging, the superolateral JSW was positively related to ag-
ing. Lanyon et al. found signiﬁcant progressive decline in
the JSW in women18, while no signiﬁcant change was ob-
served in men. Yet Goker et al. did not observe any age-re-
lated changes1. These two studies measured the narrowest
JSW, which is usually superomedial. When only the super-
omedial JSWs are considered, our results parallel those
from Goker et al1. The overall results from our study imply
that joint space narrowing is not an essential feature of
the normal aging hip joint. Our results also suggest that
OA represents a deviation from the normal process of aging
when considering that the superolateral JSW is mostly nar-
rowed in patients with OA whereas it is increased in normal
aging. The AC of the femoral head has been shown to sig-
niﬁcantly increase in thickness with aging from 18 to 45
years of age19. Our data means that the JSW in the supero-
lateral area continuously increased even after that age,
although we don’t know which side of the hip joint, acetab-
ular or femoral, contributes more to the thickening.
It is also remarkable that a decreased headeneck ratio
and an extreme neck-shaft angle were not related to the
JSW on any of the analyses. While these deformities are
considered to be risk factors for developing OA9, they do
not seem to be related to the JSW in the normal hip joint.
This is the ﬁrst paper to describe the hip joint space in an
Asian population, and as we also used multiple linear re-
gressions to exclude the effect of other variables, our re-
sults will provide valuable information for the evaluation of
and the research on hip OA.
A possible shortcoming is the magniﬁcations in the radio-
graphs. When measuring the landmarks in this study, the
magniﬁcation was caused by the distance from the bone
to the cassette. However, as none of the previous studies
took this factor into consideration during the evaluation of
their results, we can accept that an actual difference be-
tween the real thickness of the hip joint cartilage and the ra-
diological JSW is inevitable. In addition, our results were
largely exploratory, and the multiplicity issues with regard
to statistical testing need to be addressed in a new study.
In conclusion, our study showed that the CE angle was the
single radiological parameter that was inversely related toII
ameters and the changes in radiological parameters
JSW superolateral
value Regression coefﬁcient (95% CI) P value
0.002 0.005 (0.011, 0.021) 0.523
0.303 0.026 (0.001, 0.050) 0.041
0.099 0.242 (0.026, 0.509) 0.076
0.307 0.011 (0.005, 0.017) <0.0001
0.002 L0.026 (L0.044, L0.007) 0.007
0.016 0.015 (0.057, 0.027) 0.490
0.766 0.039 (0.661, 0.739) 0.913
0.594 0.002 (0.020, 0.016) 0.811
0.068 0.007 (0.046, 0.061) 0.788
64 G.-I. Im and J.-Y. Kim: JSW of normal Korean hipsthe JSWs of hip joints, and that the height was positively re-
lated to the superomedial JSW while the BMI was positively
related to the superolateral JSW. The normal aging process
was not associated with joint space narrowing of the hip joint.Conﬂict of interest
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